ABSTRACT. We used video cameras to identify nest predators at active shorebird and passerine nests and conducted point count surveys separately to determine species richness and detection frequency of potential nest predators in the Prudhoe Bay region of Alaska. From the surveys, we identified 16 potential nest predators, with glaucous gulls (Larus hyperboreus) and parasitic jaegers (Stercorarius parasiticus) making up more than 80% of the observations. From the video evidence, however, we identified arctic foxes (Alopex lagopus) as the predators in five of six predation events recorded with the cameras. These results indicate that estimated abundances of predators alone may not accurately reflect their true or proportional importance as nest predators. We also found that the identified predators removed all eggs and left the nests intact. Thus, attempts to identify predators solely on the basis of nest remains are not reliable for smaller bird species in this region. We found no evidence that camera-monitored nests were at greater risk of predation or desertion than camera-free nests. Overall, our ability to film predation events was hampered by the brief, highly synchronized breeding season, the harsh climate, and the higher nest survivorship for shorebirds in this region relative to temperate-breeding passerines, which have been the focus of most studies that use camera systems in attempts to identify nest predators at active nests.
INTRODUCTION
Nest predation is an important factor in the reproductive success of both passerines (Ricklefs, 1969; Martin, 1993) and shorebirds (Helmers and Gratto-Trevor, 1996) . In previous studies in the Prudhoe Bay oil field, Troy (2000) found evidence that population growth in some shorebird species is potentially regulated by nest predation. Abundances of some nest predators, such as arctic fox (Alopex lagopus), glaucous gulls (Larus hyperboreus), and common ravens (Corvus corax) , are believed to be higher in Arctic oil fields (versus nearby undisturbed areas) because of the presence of food subsidies and the availability of human structures for nesting and denning (NAS, 2003) . The reported increases in predators in these areas may cause elevated nest predation rates (Truett et al., 1997; Day, 1998; NAS, 2003) . A key step in managing the impact of increased nest predators is to first identify which predators are the most important.
Many researchers have attempted to identify predators from nest remains or signs that predators leave at nests (Hoover et al., 1995; Hernandez et al., 1997; Ivan and Murphy, 2005) , but interpretation of this evidence may often lead to erroneous identification (Larivière, 1999; Williams and Wood, 2002) . Commonly, no signs are left at apparently depredated nests, making it impossible to identify the predator. In the past 15 years, cameras have increasingly been used to capture predation events on film at both real and artificial nests (Fenske-Crawford and Niemi, 1997; Thompson et al., 1999; Liebezeit and George, 2003) . Identifying predators at artificial nests may be misleading because such nests lack parental activity (Skutch, 1949) and nestling begging noise (Leech and Leonard, 1997) , and because dummy egg size may influence predator type (Lindell, 2000; Maier and DeGraaf, 2000) . Thus, identification of nest predators at real nests is optimal, although not without problems (e.g., potential disturbance to nesting birds).
Despite the recognized importance of nest predation in Arctic ecosystems, especially in human-disturbed areas, little is known about the abundance and identity of nest predators. In addition, most studies using cameras to identify nest predators at active nests have been done at passerine and waterfowl nests; few, if any, cameras have been used to identify shorebird predators. In this study, our objectives were (1) to determine the diversity and detection rate of potential nest predators, (2) to identify nest predators at active shorebird and passerine nests using remote cameras in Arctic Alaskan oil fields, (3) to assess the impact of disturbance on camera-monitored nests by comparing their nest survival rates with those of nearby camera-free nests, and (4) to evaluate the use of nest remains to determine the type of predator.
METHODS

Study Area
We conducted fieldwork in the Prudhoe Bay-Kuparuk oil field complex (~ 70˚20' N, 149˚00' W) on the Arctic coastal plain of Alaska. These oil fields border the Arctic Ocean to the north and extend approximately 30 km inland from the coast. The bulk of the oil field infrastructure, bounded to the east by the Sagavanirktok River and to the west by the Colville River, is composed of a network of gravel roads, pipelines, power lines, production pads, oilprocessing facilities, power stations, and support facilities for oil field personnel. We limited our study area to ã 375 km 2 region in Kuparuk and a 400 km 2 region in Prudhoe Bay (Fig. 1) . At each site, we established 10 ha study plots by first randomly selecting a plot location within the defined study area and then placing subsequent plots systematically with respect to the first one. We sampled 24 plots at Kuparuk for three field seasons (2002 -04) and 12 plots at Prudhoe Bay for five field seasons (2003 -07) . These efforts are part of a larger study examining the potential impact of oil development on the nest predators and nest survivorship of tundra-nesting birds (Liebezeit et al., unpubl. data) .
The topography of this region is generally flat, occasionally interspersed with pingos, and is dominated by numerous ponds and lakes created by the thaw-lake cycle (Walker et al., 1980) . The habitat is composed of a gradient of dry, upland tundra to wet tundra with emergent vegetation. Microrelief is characterized by the presence of high and low polygons, hummocks, tussocks, frost boils, and strangmoor ridges (Walker et al., 1980) . Mean JuneJuly temperatures from 2002 to 2006 were ~5.5˚C (Weather Underground, Inc., 2007) .
Nest Predator Point Counts
In each year from 2002 to 2007, we conducted three sessions (early, mid, and late season) of timed (10-minute) point counts between 12 June and 23 July. Counts were made on Prudhoe Bay plots in all five study years, but on Kuparuk plots only in 2002 -04. All counts were performed between 0800 and 2000 Alaska Standard Time (AST). A point count session on each plot consisted of recording all observations of potential nest predators that were detected during 10 min periods from three fixed locations (at least 200 m apart) with at least 10 minutes between consecutive counts. We conducted these counts following methods described by Ralph et al. (1993) . We estimated the number of predators detected within the plot boundaries as well as predators that occurred outside of the plot up to 300 m away from the observer. We estimated predator distance from the observer by using rangefinders, by judging the distance using the plot marker stakes as reference points, or by pacing the distance on foot.
We counted only species that have been implicated as potential nest predators in previous studies, and we excluded small rodents (i.e., lemmings and voles) since it is difficult to detect them more than 10 m from a given point count station. Lemmings have been implicated in nest failure in Lapland longspurs (Calcarius lapponicus) although it is unclear whether they prey on eggs or disrupt nest contents (Custer and Pitelka, 1977) .
Nest Discovery and Camera Monitoring
Each year, we searched for nests between 8 June and 12 July from approximately 0730 to 1800 AST. We used both rope-drag and behavioral nest search techniques to find nests. Once nests were discovered, we visited them every 3 -6 days until their fates were determined, following procedures as described by Martin and Geupel (1993) .
From 11 June to 23 July, we monitored a subset of the active shorebird and passerine nests for nest predators, using four cameras in 2002, six in 2003 -04, and two in 2005 -07. We waited until early incubation to set up cameras at nests to avoid causing nest abandonment through disturbance. We did not use cameras to monitor plover nests because they were considered to be too sensitive to disturbance. We targeted nests in early incubation, but later in the season, we often placed cameras at nests that were in late incubation or the nestling stage (for passerines). We determined the fate of each nest either by checking nests on our regular monitoring visits or by reviewing videotapes. We defined a nest as successful if at least one egg hatched (shorebirds) or if at least one nestling successfully fledged and left the nest (passerines). If a predation event occurred, we typically did not set up a camera on another nest in the same plot to avoid sampling the same predator. We moved a camera from a nest only after the nest became inactive, and we re-established it at a new nest as soon as possible. Within these parameters, we randomly selected nests for monitoring from the pool of discovered nests that fit our sampling criteria. In some cases, we chose nests opportunistically for camera set-up.
We used two types of remote camera systems. From 2002 to 2004, we used a time-lapse videocassette recorder (VCR), wireless camera system developed by Sandpiper Technologies, Inc. This system was composed of two separate units, one at a road-accessible site and the other within a plot at the monitored nest(s). At the road-accessible site, which was typically a pull-out on the side of a road or an unused area near an oil drilling facility, we set up a permanent station to house the VCR and wireless radio receiver. At the nest site(s), we placed up to four weatherproof video cameras at active nests. The zoom capability of the cameras allowed us to install them 5 -10 m from each nest to minimize the likelihood that a given nest predator would associate camera presence with the monitored nest. Each video camera was connected to the same transmitter with a 50 m cable. Therefore, only nests within a 50 m radius of the transmitter could be monitored at any one time. The video images were transmitted by line-ofsight via the wireless transmitter system to the roadaccessible site, which was located 0.5 to 8 km away from the nest sites. The VCR was powered by a 12 V deep-cycle marine battery, while the cameras and transmitter were powered by a portable 150 W photovoltaic system linked to a 12 V battery for power storage. The time-lapse VCR recorded 24 h of video (five frames per second) on standard T160 VHS videotapes. Videotapes were changed daily, and the 12 V VCR battery was changed every 48 -72 h.
From 2003 beam aligned about 0.15 m above the nest. These units were placed as far from the nest as possible without disrupting the field of view (typically 10 -20 m away). The camcorder was mounted on the same tripod as the receiver. The zoom capability of the camcorder also allowed installation approximately 10 -20 m from each nest without sacrificing a good view of the nest area. We set the transmitter/receiver units at a sensitivity setting to record small to medium-sized animals. We set the camcorder to record for 30 s when the infrared beam was triggered. We also enabled re-triggering of the camcorder (for another 30 s) if another event occurred while it was recording. Lightweight, rechargeable batteries powered all system components. Hi-8 XR-metal 120 professional quality 8-mm camcorder videotapes were used to record footage. The systems were checked every 3 -6 days (during nest discovery and monitor visits), and tapes and batteries were changed when necessary.
Statistical Analyses
We summarized the potential predator detection data to generate the mean number of each species detected per 30 min period within the study area, using the study plot as the sample unit. Because we sampled on the same plots in multiple years, we may have recounted some of the same individuals. We were willing to accept the potential recounting bias since our main goal was to index the predators' use of the study areas and not necessarily to estimate the absolute or relative abundance of predators (Lancia et al., 1996) . We conducted a chi-square goodness-of-fit test to compare the observed frequencies of predators recorded by the cameras with the expected frequencies calculated from our point count data.
In order to assess the influence of cameras on nest survivorship, we used Program CONTRAST (Sauer and Williams, 1989) to compare the daily survival rates of camera-monitored and camera-free nests. We calculated daily survival rates using the Mayfield (1975) method and constructed corresponding standard error estimates following methods described by Johnson (1979) . We calculated exposure days for the Mayfield estimates using methods recommended by Manolis et al. (2000) . We restricted our definition of camera-free nests to those that occurred on the same plots as camera-monitored nests. Survival estimates for camera-monitored nests were calculated only for the actual days when a camera was monitoring the nest.
RESULTS
During our timed point count surveys, we detected 16 potential nest predator species. The predators detected were predominantly avian, with glaucous gulls and parasitic jaegers (Stercorarius parasiticus), making up more than 80% of the total detections (Table 1) . Arctic foxes were the most common mammalian predator although we detected them relatively infrequently. Using camera systems, we monitored 45 nests of eight different species, for a total of 449 nest observation days on 19 study plots ( Table 2 ). The only passerine species that nested on our study plots was the Lapland longspur. Thirty-two (71%) of the camera-monitored nests successfully hatched or fledged, nine nests (20%) were depredated, three nests were still active at the end of the field season when we discontinued monitoring, and one nest was abandoned. We successfully captured predation events at six of the nine depredated nests. Arctic foxes were responsible for five of the six predation events, and a parasitic jaeger for the remaining one (Table 2, Fig. 2) . The observed frequency of predator types captured on film was significantly different from what we would have expected on the basis of their frequency calculated from the timed point count data (χ 2 = 88.66; p < 0.001). Two fox predation events occurred on 18 June 2003, but we determined from differences in pelage and the 12 km distance between the two depredated nests that the predators were different foxes. The two nests depredated by foxes on 18 June and 25 June 2004 were on the same study plot, so the same fox may have been responsible. In three of the five fox predation events, the foxes took individual eggs away from the nest on consecutive visits within a 15 min period. These foxes were presumably caching each egg at a nearby location. The three other recorded predators consumed the nest contents at the nest. All recorded predation events occurred during the incubation stage except for the Lapland longspur nest, which was depredated during the nestling stage (nestlings were approximately five days old). All of the nests depredated by arctic foxes and the parasitic jaeger were left intact with no eggs or egg fragments left in or within 5 m of the nest. Fox feces were detected at only one of the fox-depredated nests, and no fox urine odor was detected at any fox-depredated nest, although we recorded a fox squatting over a nest and apparently urinating on it just after it consumed the eggs. We detected no urine scent when we visited the nest the following day. Since we had observed in our previous nest monitoring visits that clutch size did not diminish in any of these nests from one visit to the next, we concluded that none of them had been partially depredated.
Two of the three predation events we missed occurred while we were using the wireless time-lapse VCR system. In one instance, we missed a predation event because of power failure; probably the solar energy produced in overcast weather was insufficient for battery recharge. In the other case, the transmitting antennae for the system blew down in high winds, and the predation event took place before we were able to re-orient the antennae. The one predation event we missed with the Trailmaster ® system occurred because the tape ran out. At all three of these nests, there was no indication as to the identity of the predator. The nests were left intact and no egg remnants were detected in the area.
In addition to the camera-monitored nests, we also monitored 193 camera-free nests of the same target species on the same plots. We detected no significant difference between camera-monitored and camera-free nests in the daily survival rate of either shorebird species or Lapland longspurs (Table 3) .
DISCUSSION
We used traditional point count methods to determine the species richness and detection frequency of a suite of potential nest predators, both avian and mammalian. We found this method to work well in tundra habitat because of excellent visibility (lack of trees and flat topography). The distance may have compromised our ability to detect smaller predators such as the short-tailed weasel (Mustela erminea), but most of the predators in this region are relatively large-bodied and were easily detectable within the range of our point counts. It is important to note that these surveys may be biased against detecting arctic foxes because, despite the continual sunlight in this region during the Arctic summer, they are typically most active nocturnally (Eberhardt et al., 1982) . Other confirmed or suspected nest predators that have been documented in this region but were not detected during our surveys include brown bear (Ursus arctos; Stickney and Ritchie, 1996) , polar bear (Ursus maritimus; Rubega et al., 2000) , and wolverine (Gulo gulo; Lanctot and Laredo, 1994) .
Although the predator point count surveys indicate that avian predators are more numerous than mammalian predators, the result of camera-identified predators suggests that the most important predator of shorebirds and passerines in this region is the arctic fox. Our sample size of recorded predation events was small, however, so we encourage further study to confirm this tentative conclusion. Only a handful of studies conducted in the Arctic have attempted to identify nest predators using remote cameras, and none have previously been conducted at shorebird nests. Hawkins (1986) used camera systems to monitor tundra swan (Cygnus columbianus) nests on the Colville River Delta and found arctic foxes to be the most important nest predators, although the swans often successfully defended nests from foxes. Using a remote movie camera, Custer (1973) identified a snowy owl (Nyctea scandiaca) depredating Lapland longspur nestlings at a site near Barrow. Johnson et al. (1993) used cameras to monitor nest predators in snow goose (Chen caerulescens) colonies on Howe Island. They reported significant arctic fox activity; however, no predators were caught on film while depredating nests. From 1998 to 2003, 15 spectacled eider (Somateria fischeri) nests were video-monitored in the Kuparuk oil field (B. Anderson, pers. comm. 2007 ). Three nests failed, but only one event, an arctic fox predation, was successfully recorded. Rojek et al. (2006) , using remote video cameras, documented pomarine jaegers (Stercorarius pomarinus) depredating two Steller's eider (Polysticta stelleri) nests near Barrow, Alaska, but recorded no fox predation; however, 17 arctic foxes were removed during the study in an effort to reduce a known predator. Three of five of these previous studies corroborate the importance of arctic foxes as nest predators.
Researchers commonly use the presence of fox fecal matter or the smell of fox urine at a nest site as an indication of predator identity (Murphy et al., 1990; Troy, 1993; Anderson and Cooper, 1994) . Nest site remains are also frequently used as an indicator of the type of nest predator: disturbed nest remains are often thought to indicate a large mammalian predator, while depredation of a nest left intact is often attributed to birds, snakes, or small mammals (Best and Stauffer, 1980; Wray et al., 1982; Hoover et al., 1995) . Our results give little support for these predator identification methods since for the one jaeger and five fox predation events that we recorded, nests remained intact and undisturbed. Moreover, we documented fresh arctic fox feces left at nests (primarily waterfowl nests) from which the birds had departed just days before. In at least five cases, these nests were known to have successfully hatched. It is possible that residual egg remains (and the accompanying odor) left at the inactive nests may attract arctic foxes as scavengers. For waterfowl, it may be reliable to determine predator type, sometimes to species, by examining puncture and bite marks in eggs left at depredated nests (Sargeant et al., 1998; Quakenbush et al., 2004; Anthony et al., 2006) . For smaller birds (shorebirds and passerines), it is generally not possible to use this method, since large egg pieces with discernable puncture marks are rarely left in depredated nests. We recommend that biologists exercise caution in future studies when speculating on the identity of nest predators on the basis of nest condition or the presence of fox sign, or both. Our comparison of daily survival rates at camera-monitored versus camera-free nests suggests that predators neither were attracted to camera-monitored nests nor avoided them. Cartar and Montgomerie (1985) used cameras to monitor incubation scheduling of the white-rumped sandpiper (Calidris fuscicollis) in the Canadian Arctic and documented higher predation at the camera-monitored nest compared to camera-free nests. Other researchers in similarly open habitats (temperate grasslands/fields) using cameras on active passerine nests found either no camera effect on survival or higher survival at cameramonitored nests (Thompson et al., 1999; Pietz and Granfors, 2000) . However, one main difference between these studies and ours is that cameras were typically placed within 2 m of the nest rim. Although we documented no influence of the cameras on nest survivorship, on at least one occasion we observed an arctic fox inspecting deployed camera equipment, and in two cases, we discovered that camera wires had been chewed.
In contrast to some previous studies (Thompson et al., 1999; Pietz and Granfors, 2000; Renfrew and Ribic, 2003) , our study found that camera placement at nest sites did not cause significant nest abandonment. Only one of our camera-monitored nests was abandoned, but it is likely that this happened before we set up the camera system. We recommend that other researchers place cameras at least 5 m from the monitored nest in similar open habitats where camera equipment is difficult to conceal. However, this distance may make it difficult to detect small predators. We were willing to accept this potential bias since most suspected predators at the site are relatively large-bodied.
Considering the effort involved, we had relatively poor success in capturing predation events for a number of reasons. We employed relatively few cameras during the brief Arctic breeding season. The opportunity to set up the camera on a second nest if the previously monitored nest was successful was rare because of synchronous breeding and the virtual absence of second nesting efforts. Also, for shorebird species, nesting success was relatively high at our sites compared to those reported in most cameramonitoring studies of passerine species (e.g., Thompson et al., 1999; Pietz and Granfors, 2000; Liebezeit and George, 2002) . Thus, most monitored nests were never visited by a predator. Finally, we experienced frequent camera problems, which were responsible for the three predation events we were unable to record at camera-monitored nests. Other researchers using similar camera systems have reported more reliable performance (Brown et al., 1998; Thompson et al., 1999; Stake and Cimprich, 2003; Stake et al., 2004) . These researchers conducted their studies in temperate regions, and thus more hospitable weather conditions may have contributed to their success.
In conclusion, first, we caution that surveys of potential nest predators in a given region may not accurately represent the importance of actual nest predators. Second, our camera-monitoring results lend further support to other studies from this region indicating that arctic fox may be the most important nest predator, not only for waterfowl, but for smaller nesting birds. Third, we found that the identified predators removed all eggs and left the nests intact-and in some cases, foxes marked nests they found after the birds had vacated them; therefore, attempts at identifying predators from nest remains are not reliable for smaller bird species in this region. Finally, we found that capturing predation events by means of camera systems is challenging in an Arctic environment, and both efforts and success are constrained by the brief breeding season and harsh climate.
